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Abstract This study was designed to investigate the

therapeutic potential of hydroalcoholic extracts of Acorus

calamus (AC) in tibial and sural nerve transection (TST)-

induced neuropathic pain in rats. The hot plate, paw heat

allodynia, acetone drop, and pinprick tests were performed

to assess the degree of heat hyperalgesia, heat and cold

allodynia, and mechanical hyperalgesia, respectively, at

different time intervals, i.e., day 0, 1, 3, 6, 9, 12,

15, 18, and 21. The tissue superoxide anion and total

calcium were measured as markers of oxidative stress.

Tissue myeloperoxidase activity was measured as a spe-

cific marker of inflammation. Histopathological evaluation

was also performed in the nervous tissue to assess the

axonal degeneration. Pregabalin served as positive control

in this study. TST in rats significantly induced thermal

hyperalgesia and allodynia, mechanical hyperalgesia,

and increased the levels of superoxide anion, total cal-

cium, and myeloperoxidase (MPO) activity. Moreover

significant histological changes were also observed. Oral

administration of AC hydroalcoholic extract (100 and

200 mg/kg for 14 days) attenuated TST-induced behav-

ioral, biochemical, and histological changes. Acorus cal-

amus has ameliorative potential in TST-induced painful

neuropathy, and this effect may be attributed to its mul-

tiple actions including anti-inflammatory, antioxidant, and

neuroprotective actions.

Keywords Allodynia � Hyperalgesia � Myeloperoxidase �
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Introduction

Neuropathic pain is characterized by continuous or inter-

mittent pain, typically described as burning, aching, or

shooting in quality, and is often associated with abnormal

sensitivity of the painful site. Neuropathic pain is produced

by damage to the neurons in the peripheral and central

nervous systems, and involves sensitization of these sys-

tems [1]. Peripheral neuropathic pain is frequently

observed in patients with cancer, AIDS, long-standing

diabetes, lumbar disc syndrome, herpetic and leprotic

infections, traumatic spinal cord injury, multiple sclerosis,

stroke, drug-induced states such as those involving che-

motherapy, HIV therapy, protein abnormalities, and toxic

chemicals, nutritional deficiencies, and kidney failure.

Moreover, post-thoracotomy, post-herniorrhaphy, post-

mastectomy, and post-sternotomy are also associated with

neuropathic pain [2, 3]. Common examples of peripheral

neuropathic pain include lumbar or cervical radiculopathy,

diabetic polyneuropathy (DPN), and post-herpetic neural-

gia (PHN), carpal tunnel syndrome, entrapment syndromes,

complex regional pain syndromes (CRPS), and phantom

limb pain [4].

Many therapies have been explored for the treatment of

neuropathic pain including anticonvulsants, tricyclic anti-

depressants, selective serotonin reuptake inhibitors, and

acetaminophen/opioid combination products [5–7]. How-

ever, these therapeutic modalities provide only partial relief

and there is no single treatment that works for all conditions

of neuropathy. Moreover, a high incidence of side effects is

also associated with these drugs [8, 9]. Therefore, there is

ample scope to develop new medicine, particularly from

plant origin, to treat and manage the neuropathic pain

conditions. Several recent studies reported the potential

of herbal drugs in peripheral neuropathy and diabetic
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neuropathy, e.g., Aconiti tuber, Lindera angustifolia, Teuc-

rium polium, Phyllanthus emblica, Vochysia divergens,

Cannabis sativa, Nigella sativa, and Ocimum sanctum

[10–12].

Acorus calamus (AC) belongs to the family of Araceae.

Traditionally, it is used as an ingredient of several drugs

(including those used to treat headache, migraine, body

ache, and severe inflammatory pain) of the Unani,

Ayurveda, and local health care systems in Indian medi-

cine. The plant is a perennial herb growing throughout

India, Europe, Asia, and America. Acorus calamus contains

glycosides, tannins, mucilage, volatile oil, and bitter prin-

ciples [13, 14]. The rhizome of the AC plant has several

medicinal properties, and it is used in the treatment of

insomnia, melancholia, neurosis, remittent fevers, delirium,

and hysteria [14]. The aqueous and hydroalcoholic extracts

have hypolipidemic and neuropharmacological activities

[15, 16].

Several recent studies also explored the potential use-

fulness of AC in treating anorexia nervosa or skin erup-

tion and its neuroprotective action against ischemic and

acrylamide-induced neuronal insult [17–19]. However, the

ameliorative potential of Acorus calamus in peripheral

neuropathic pain has not been explored yet. Therefore, the

present study was designed to investigate the effect of

hydroalcoholic extracts of Acorus calamus on tibial and

sural nerve transection (TST)-induced painful neuropathy in

rats. Pregabalin, a selective Cav 2.2 (a2–d subunit) channel

antagonist, served as positive control in this study.

Materials and methods

Plant materials

The fresh rhizomes of Acorus calamus were collected at

Kodaikanal of Tamilnadu, India, and authenticated by staff

at the Department of Botany, American College, Madurai,

Tamilnadu. A voucher specimen of the plant (PUP-218/

2009-2010) is kept at Punjabi University, Patiala, for future

reference. After authentication, fresh rhizomes of AC were

collected, cleaned thoroughly with distilled water, and

dried under shade. The shade-dried rhizome was pulverized

in a mechanical grinder to obtain coarse powder.

Drugs and reagents

5,50-Dithio-bis(2-nitrobenzoic acid) (DTNB), reduced glu-

tathione (GSH), 1,1,3,3-tetramethoxypropane, nitro blue

tetrazolium (NBT) (Sigma–Aldrich, USA), bovine serum

albumin (BSA) (Sisco Research Laboratories Pvt. Ltd.,

Mumbai, India), hexadecyltrimethylammonium bromide

(HETAB), o-dianisidine hydrochloride (S.D. Fine, Mumbai

India), and Folin–Ciocalteu’s phenol reagent (Merck Ltd.,

Mumbai, India) were procured for the present study. All

the chemicals used in the present study were of analytical

grade.

Preparation of extracts

The coarsely powdered plant material was subjected to

extraction with mixture of ethanol/water (1:1, 50%) at

room temperature. After completion of extraction, the

solvent was completely removed by vacuum drying at low

temperature (\50�C). The yield of hydroalcoholic extract

was 26.4% (w/w). The crude extracts were evaluated for

absence of b-asarone by measuring the absorbance at 253

and 303 nm. The extract was found to contain saponins,

glycosides, and tannins. This hydroalcoholic extract was

used to explore the potential role on TST-induced painful

neuropathy in rats.

Experimental animals

Wistar rats of either sex, weighing 200–230 g (procured

from Punjab Agriculture University, Ludhiana) were used

in the present study. They were housed in animal cages

with free access to water and standard laboratory pellet

chow diet (Kisan Feeds Ltd., Mumbai, India). The rats

were exposed to 12-h light and dark cycles. The experi-

mental protocol was duly approved by the Institutional

Animal Ethics Committee and the care of the animals was

carried out as stated in the guidelines of the Committee for

the Purpose of Control and Supervision of Experiments on

Animals (CPCSEA), Ministry of Environment and Forest,

Government of India (Reg. No. 107/1999/CPCSEA).

Acute and subchronic toxicity test

Acute and subchronic toxicity tests were performed in both

male and female rats in order to evaluate the toxic effect (if

any) of a single (3000, 4000, and 5000 mg/kg, p.o.) and

repeated oral doses (100, 200, and 500 mg/kg for 28 con-

secutive days) of the AC hydroalcoholic extract in different

groups. Animals were maintained and observed for 72 h

for signs of acute toxicity and for 28 days for signs of

subchronic toxicity (mortality and body weight changes).

On the 29th day, the animals were anesthetized with

chloroform and killed. Blood samples were collected by

cardiac puncture for hematological and biochemical anal-

ysis. Tissue sample were collected from the liver, heart,

and kidney of the rats for histopathological examinations.

The LD50 was calculated according to the method of

Litchfield and Wilcoxon [20]. Dose was calculated based

on the LD50 value. The experimental procedure for toxicity

studies was performed according to the Organization for
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Economic Co-operation and Development (OECD) guide-

line no. 401 and 425 [21–23].

Induction of painful neuropathy by TST

Peripheral neuropathic pain was induced by TST as

described elsewhere [24]. Briefly, the rat was anesthetized

intraperitoneally with thiopental sodium (35 mg/kg). The

skin layer of the lateral surface on the left thigh was incised

and a cut was made directly through the biceps femoris

muscle to expose the sciatic nerve and its three terminal

branches (the sural, common peroneal, and tibial nerves)

were identified. Thereafter, the tibial and sural nerves were

ligated, with silk suture and transection was made at 2 mm

from the ligation at distal side. The common peroneal

nerve was left intact and no contact was made with it. The

muscle and the skin layers were closed immediately.

A similar operation was performed on sham control group

rats by exposing the sciatic nerve and its branches but

without inducing any lesion.

Experimental protocol

Ten groups, each comprising six Wistar rats, were used in

the present study.

Group I (normal control)

Rats were not subjected to any surgical procedure and were

kept for 3 weeks. The behavioral tests were performed on

the different days, i.e., day 0, 1, 3, 6, 9, 12, 15, 18, and 21.

Thereafter, all the animals were killed and the biochemical

analysis was done for estimating the total protein, super-

oxide anion generation, and total calcium in sciatic nerve

tissue and myeloperoxidase activity in the surrounding

muscular tissue sample.

Group II (sham control)

Rats were subjected to a surgical procedure (on day 0) to

expose the tibial and sural nerve branches of the sciatic

nerve without any transection. The behavioral tests were

performed before and 24 h after surgery (i.e., day 1) on

different days as described for group I. The biochemical

analysis was also done as mentioned for group I.

Group III (TST)

Rats were subjected to a surgical procedure to expose and

transect the tibial and sural nerve branches of the sciatic

nerve. The behavioral tests and the biochemical parameters

were assessed as mentioned for group I.

Group IV (vehicle in TST)

Carboxymethyl cellulose (CMC) (0.5% w/v, p.o.) was

administered for 14 days (starting from day 1) in rats

subjected to TST. The behavioral tests and the biochemical

parameters were assessed as mentioned for group I.

Groups V and VI (low and high dose AC per se)

Hydroalcoholic extract of AC (100 and 200 mg/kg, p.o.)

was administered for 14 days in normal rats, starting from

day 1. The behavioral tests and the biochemical parameters

were assessed as mentioned for group I.

Groups VII (pregabalin per se)

Pregabalin (10 mg/kg, p.o.) was administered for 14 days

in normal rats, starting from day 1. The behavioral tests and

the biochemical parameters were assessed as mentioned for

group I.

Groups VIII and IX (low and high dose AC in TST)

Hydroalcoholic extract of AC (100 and 200 mg/kg, p.o.)

was administered for 14 days in rats subjected to TST,

starting from day 1. The behavioral tests and the bio-

chemical parameters were assessed as mentioned for

group I.

Groups X (pregabalin in TST)

Pregabalin (10 mg/kg, p.o.) was administered for 14 days

in rats subjected to TST, starting from day 1. The behav-

ioral tests and the biochemical parameters were assessed as

mentioned for group I.

Behavioral examination

Hot plate test

Thermal (noxious heat) nociceptive threshold, as an index

of thermal hyperalgesia, was assessed by Eddy’s hot plate

method [25]. The plate was preheated and maintained at

52.5 ± 0.5�C. The rat was placed on the hot plate and

nociceptive threshold, with respect to licking of the hind

paw, was recorded in seconds. A cutoff time of 20 s was

maintained.

Paw heat allodynia test

Thermal (non-noxious heat) nociceptive threshold, as an

index of heat allodynia, was assessed by Eddy’s hot plate

method [25]. The plate was preheated and maintained at
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45 ± 0.5�C. The rat was placed on the hot plate and

nociceptive threshold, with respect to licking of the hind

paw, was recorded in seconds. A cutoff time of 30 s was

maintained.

Acetone drop test

Thermal (non-noxious cold) nociceptive threshold, as an

index of cold allodynia, was assessed by using the acetone

drop method as described by Choi et al. [26] with slight

modification according to de la Calle et al. [27] to assess

the reactivity to non-noxious cold chemical stimuli. The rat

was placed on the top of the wire mesh grid, allowing

access to the hind paws. Acetone (100 ll) was sprayed on

the plantar surface of hind paw. Cold sensitive reaction

with respect to either paw licking, shaking, or rubbing the

hind paw was observed and recorded as paw lifting dura-

tion the 20-s test period.

Pinprick test

Mechanical hyperalgesia was assessed by the pinprick test

as described by Erichsen and Blackburn-Munro [28]. The

surface of the injured hind paw was touched with the point

of a bent 18-gauge needle (at 90� angle) at an intensity

sufficient to produce a reflex withdrawal response in nor-

mal non-operated animals, but at an intensity which was

insufficient to penetrate the skin in all other groups. The

duration of the paw withdrawal was recorded in seconds.

A cutoff time of 20 s was maintained.

Biochemical estimations

All the animals were killed on the 21st day after surgery

with chemical euthanasia. The portions of the sciatic nerve

and the tissue beneath the sciatic nerve were isolated

immediately. The sciatic nerve portion, proximal to the

point of transection up to its point of emergence from the

spinal cord, and distal to the point of transection up to its

ending, was excised. The tissue, 1 cm diameter, exactly

beneath the point of the sciatic nerve transection was taken.

The uniformity among the different nerve and tissue sam-

ples was maintained by taking the same weight of the

respective samples. Furthermore, the samples were kept in

a humidity chamber (maintained at 85% relative humidity

and 37�C temperature) to remove and maintain the mois-

ture content of the collected samples. The sciatic nerve

homogenate (10%, w/v) was prepared with 0.1 M Tris–

HCl buffer (pH 7.4), and deionized water for total protein

and total calcium estimation, respectively. Superoxide

anion measurement was carried out in sciatic nerve as

described by Wang et al. [30]. Surrounding muscular tissue

was homogenated with phosphate buffer (pH 7.4) and

employed for myeloperoxidase (MPO) estimation.

Estimation of total protein content

The protein concentration was estimated according to the

method of Lowry et al. [29] using bovine serum albumin as

a standard. The absorbance was determined spectrophoto-

metrically at 750 nm.

Estimation of superoxide anion generation

The sciatic nerve superoxide anion generation was esti-

mated by measuring reduced nitro blue tetrazolium (NBT)

as described by Wang et al. [30]. Briefly, the sciatic nerve

was taken in 5 ml phosphate-buffered saline containing

100 lM of NBT and incubated at 37�C for 90 min. The

NBT reduction was stopped by adding 5 ml of 0.5 M HCl.

Then, the left tissue was taken out and homogenized with

a mixture (5:1) of 0.1 M NaOH and 0.1% of sodium

dodecyl sulfate (SDS) in water containing 40 mg/l die-

thylenetriaminepentaacetic acid. The mixture was centri-

fuged at 20,0009g for 20 min. The resultant pellet was

resuspended in 1.5 ml of pyridine during heating at 80�C

for 90 min to extract formazan. The mixtures were sub-

jected to a second centrifugation at 10,0009g for 10 min.

The absorbance of formazan was determined spectropho-

tometrically at 540 nm. The quantity of NBT reduction =

A 9 V/(T 9 Wt 9 e 9 l), where A is the absorbance of

blue formazan at 540 nm, V is the volume of the solution,

T is the time period (90 min) during which rings were

incubated with NBT, Wt is the blotted wet weight of the

sciatic nerve, e is the extinction coefficient of blue for-

mazan (i.e., 0.72 l/mmol/mm), and l is the length of the

light path. Results are reported as picomoles per minute

per milligram wet weight of sciatic nerve.

Estimation of total calcium

The total calcium levels were estimated in the sciatic nerve

as described by Severinghaus and Ferrebee [31] and

Muthuraman et al. [12]. Briefly, the sciatic nerve homoge-

nate was mixed with 1 ml of trichloroacetic acid (4%) under

ice-cold conditions and centrifuged at 1,5009g for 10 min.

The clear supernatant was used for estimating the total cal-

cium levels by atomic emission spectroscopy at 556 nm.

Estimation of myeloperoxidase activity

The myeloperoxidase activity was measured by a method

described by Grisham et al. [32] and Patriarca et al. [33].

Inflammatory reactions are characterized by the recruitment

of inflammatory cells from the blood capillaries to the
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connective tissue, adjacent to the point of injury. Therefore,

the tissue surrounding the nerve lesion was excised as a

measure of degree of inflammation. The tissue samples were

homogenized in 10 volumes of ice-cold potassium phos-

phate buffer (pH 7.4), using a tissue homogenizer. The

homogenate was centrifuged at 5,0009g for 10 min at 4�C.

The supernatant was discarded and 10 ml of ice-cold 50 mM

potassium phosphate buffer (pH 6.0), containing 0.5%

HETAB and 10 mM EDTA was then added to the pellet. It

was then subjected to one cycle of freezing and thawing and

a brief period (15 s) of sonication. After sonication, the

solution was centrifuged at 19,0009g for 15 min. A 100-ll

aliquot of supernatant was combined with 2.9 ml of phos-

phate buffer (containing 0.167 mg/ml of o-dianisidine

hydrochloride and 0.0005% hydrogen peroxide). The mye-

loperoxidase activity was measured spectrophotometrically

at 460 nm. One unit of the myeloperoxidase activity is

defined as that which would produce a change in absorbance

of 1.0 U/min at pH 7.0 and 25�C, calculated from the initial

rate of reaction with peroxide (1 lM) as the substrate. The

results were expressed as myeloperoxidase activity units per

milligram of protein at 1 min.

Histopathological evaluation

Samples of sciatic nerve were stored in the fixative

solution (10% formalin) and cut into 4-lm-thick sections.

Staining was done by using hematoxylin and eosin as

described by Yukari et al. [34]. Nerve sections were

analyzed qualitatively under a light microscope (4509)

for axonal degeneration.

Statistical analysis

All the results were expressed as mean ± standard error of

means (SEM). The data from the behavioral results were

statistically analyzed by two-way analysis of variance

followed by Bonferonni’s post-test by using Graph pad

prism Version-5.0 software. The data from the biochemical

results were statistically analyzed by one-way ANOVA

followed by Tukey’s multiple range tests by using Graph

pad prism Version-5.0 software. A p value less than 0.05

was considered to be statistically significant.

Results

Effect of Acorus calamus acute

and subchronic toxicity test

The AC extracts given at the dose of 5000 mg/kg (for acute

toxicity study) and 100, 200, and 500 mg/kg (28 consecutive

days, for chronic toxicity study) did not produce any signs of

behavioral, biochemical, and organ (functional/morpholog-

ical) changes in rats. The body weight gain of the control and

treated groups was similar (data not shown). No mortality

was observed in the control and treated groups.

Effect of Acorus calamus on thermal hyperalgesia

and allodynia in TST-induced neuropathic pain

TST resulted in a significant development of thermal

hyperalgesia (Fig. 1) and allodynia (Fig. 2). Administra-

tion of hydroalcoholic extract of AC (100 and 200 mg/kg,

p.o.) attenuated TST-induced decrease in the nociceptive

threshold for thermal hyperalgesia and allodynia in a dose-

dependent manner. Administration of pregabalin also pro-

duced similar effects. However, the vehicle administration

did not modulate TST-induced thermal hyperalgesia and

allodynia. Moreover, AC per se did not show any signifi-

cant effect on above-mentioned behavior.

Effect of Acorus calamus on chemical cold allodynia

in TST-induced neuropathic pain

TST resulted in a significant development of chemical cold

allodynia as indicated by increase in the paw lifting dura-

tion using the acetone drop test (Fig. 3). Administration of

AC (100 and 200 mg/kg) significantly attenuated TST-

induced increase in paw lifting duration, i.e., cold allo-

dynia, in a dose-dependent manner. Administration of

pregabalin also produced similar effects. However, the

vehicle administration did not modulate TST-induced cold

allodynia. Moreover, AC per se did not show any signifi-

cant effect on the above-mentioned behavior.

Effect of Acorus calamus on mechanical hyperalgesia

in TST-induced neuropathic pain

TST resulted in the development of mechanical hyperalgesia

as reflected by a significant increase in the hind paw lifting

duration in the pinprick test (Fig. 4). Administration of

hydroalcoholic extract of AC (100 and 200 mg/kg) attenuated

TST-induced increase in the hind paw lifting duration, i.e.,

mechanical hyperalgesia, in a dose-dependent manner.

Administration of pregabalin also produced similar effects.

However, the vehicle administration did not modulate TST-

induced mechanical hyperalgesia. Moreover, AC per se did not

show any significant effect on the above-mentioned behavior.

Effect of Acorus calamus on superoxide anion

generation and total calcium level

TST resulted in a significant increase in the levels of

superoxide anion generation and the total calcium in sci-

atic nerve tissue, as compared to sham control group.
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Administration of the hydroalcoholic extract of AC (100

and 200 mg/kg, p.o.) significantly attenuated TST-induced

increase in the levels of superoxide anion generation and the

total calcium in a dose-dependent manner. Administration

of pregabalin also produced similar effects. However, the

vehicle administration did not modulate TST-induced

Fig. 1 Effect of Acorus calamus on heat hyperalgesia, assessed by the

hot plate test, in TST-induced neuropathic pain. Digits in parenthesis
indicate dose in mg/kg. Values are mean ± SEM, n = 6 rats per group.

a = p \ 0.05 versus sham control group. b = p \ 0.05 versus TST

group

Fig. 2 Effect of Acorus calamus on heat allodynia, assessed by the

paw heat allodynia test using Eddy’s hot plate apparatus, in TST-

induced neuropathic pain. Digits in parenthesis indicate dose in mg/kg.

Values are mean ± SEM, n = 6 rats per group. a = p \ 0.05 versus

sham control group. b = p \ 0.05 versus TST group
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alteration in the superoxide anion generation and the total

calcium levels. Moreover, AC per se did not show any

significant effect on the above-mentioned biochemical

levels (Table 1).

Effect of Acorus calamus on myeloperoxidase activity

TST resulted in a significant increase in the levels of

myeloperoxidase activity in surrounding tissue of the tibial

Fig. 3 Effect of Acorus calamus on cold allodynia, assessed by the

acetone drop test, in TST-induced neuropathic pain. Digits in
parenthesis indicate dose in mg/kg. Values are mean ± SEM, n = 6

rats per group. a = p \ 0.05 versus sham control group. b = p \ 0.05

versus TST group

Fig. 4 Effect of Acorus calamus on mechanical hyperalgesia,

assessed by the pinprick test, in TST-induced neuropathic pain. Digits
in parenthesis indicate dose in mg/kg. Values are mean ± SEM, n = 6

rats per group. a = p \ 0.05 versus sham control group. b = p \ 0.05

versus TST group
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and sural nerve transectioned area, as compared to sham

control group. Administration of the hydroalcoholic extract

of AC (100 and 200 mg/kg, p.o.) significantly attenuated

TST-induced increase in the activity of myeloperoxidase in

a dose-dependent manner. Administration of pregabalin

also produced similar effects. However, the vehicle

administration did not modulate TST-induced alteration in

the activity of myeloperoxidase. Moreover, AC per se did

not show any significant effect on the above-mentioned

biochemical levels (Table 1).

Effect of Acorus calamus on TST-induced

histopathological changes

TST resulted in significant histopathological changes

assessed in cross-sectional sections of the distal part of the

sciatic nerve. In cross section, axonal degeneration was

evident by decrease in the number of myelinated fibers

along with swelling of non-myelinated and myelinated

nerve fibres. Moreover, the fiber derangement and

decrease in number of Schwann cells were also noted.

Administration of the hydroalcoholic extract of AC (100

and 200 mg/kg, p.o.) and pregabalin significantly attenu-

ated TST-induced axonal degeneration and histopatholo-

gical alterations (Fig. 5).

Discussion

In the present investigation, TST resulted in a significant

development of heat hyperalgesia, heat allodynia, cold

allodynia, mechanical hyperalgesia, and mechanical allo-

dynia, reflecting TST-induced peripheral neuropathic pain.

These behavioral alterations started on the 3rd day after the

TST surgery and peaked within 8–12 days. Furthermore,

TST animals also exhibited increased levels of nerve tissue

superoxide anions, total calcium, and raised tissue myelo-

peroxidase (MPO) activity. Moreover, hematoxylin and

eosin staining also showed significant histopathological

changes. These observations are in line with our earlier

findings [12, 35, 36] and reports from the other laboratories

[24, 37].

Myeloperoxidase is an enzyme released from neutro-

phils and is used as a specific marker of inflammation [32].

Previous studies employing various animal models have

supported that inflammation plays a critical role in the

development of neuropathic pain [36, 38]. In response to an

injurious insult to a nerve, initial steps of inflammatory

reactions involve the release of pro-inflammatory media-

tors from the resident macrophages and the Schwann cells

[39]. This is followed by infiltration of inflammatory cells

including macrophages from the blood capillaries to an

area adjacent to the nerve lesion. It has been documented

that the sustained activation of peripheral nociceptors leads

to the hypersensitivity of the primary afferent neurons and

central sensitization of the dorsal horn neurons [40].

Neuropathic pain (including TST-induced) has been

demonstrated to produce a rise in tissue total calcium levels

[36, 41, 42]. Calcium ion accumulation has been docu-

mented to trigger the secondary messengers, i.e., activation

of calcium binding protein (calpain, calmodulin etc.) and

calcium-dependent kinase and phosphatase action, which

undergo an autodestruction including long-term potentiation

and neuronal hyperexcitation [17]. Calcium-induced acti-

vation of calpains has been reported to produce the axonal

degeneration by degradation of the axonal cytoskeleton [43].

Table 1 Effect of Acorus calamus on tissue biomarker changes in TST-induced neuropathic pain model

Groups Reduction of NBT

(pmol/min/mg of protein)

Total calcium

(ppm/mg of protein)

MPO activity level

(U/min/mg of protein)

Normal 3.41 ± 1.21 3.64 ± 0.94 10.27 ± 1.43

Sham 3.47 ± 1.43 3.59 ± 0.53 12.54 ± 1.77

TST 22.76 ± 2.31a 34.28 ± 2.03a 174.32 ± 4.02a

CMC 21.92 ± 1.93a 35.07 ± 1.86a 169.93 ± 3.61a

AC per se (100) 3.39 ± 1.18 3.71 ± 0.61 10.22 ± 1.46

AC per se (200) 3.52 ± 1.26 3.48 ± 0.39 12.47 ± 1.69

Pregabalin per se (10) 3.48 ± 1.16 3.56 ± 0.48 11.63 ± 1.59

TST ? AC (100) 10.73 ± 1.38b 14.41 ± 2.12b 61.86 ± 4.02b

TST ? AC (200) 8.96 ± 1.16b 11.73 ± 1.77b 68.95 ± 5.56b

TST ? pregabalin (10) 9.17 ± 1.43b 13.07 ± 1.18b 73.21 ± 3.93b

Digits in parenthesis indicate dose in mg/kg. Values are mean ± SEM, n = 6 rats per group

NBT nitro blue tetrazolium, MPO myeloperoxidase
a p \ 0.05 versus sham control group
b p \ 0.05 versus TST group
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Furthermore, a key role of calcium accumulation has also

been reported in formalin, post-traumatic, axotomy, chronic

constriction injury (CCI), and vincristine-induced models of

neuropathic pain [12, 35, 42].

Studies have also documented a prominent role of free

radicals and oxidative stress in causing tissue injury and pain

in various types of neuropathic pain viz. CCI and vincristine-

and diabetes-induced neuropathic pain [35, 44, 45].

Furthermore, calcium-induced activation of calpain is

associated with generation of reactive oxygen species from

mitochondria, therefore indicating a prominent role of cal-

cium in tissue oxidative stress [46]. Therefore, it looks quite

evident that inflammation, increased calcium levels, and

oxidative stress together play a vital role in TST-induced

peripheral neuropathic pain, a conclusion which is also

supported by histological studies. In the present investiga-

tion administration of hydroalcoholic extract of AC (100 and

200 mg/kg, p.o. daily for 2 weeks) attenuated TST-induced

painful behavioral responses (i.e., heat hyperalgesia, heat

and cold allodynia, mechanical hyperalgesia, and mechani-

cal allodynia), biochemical changes (i.e., superoxide anion

generation, total calcium, and myeloperoxidase activity),

and histopathological alterations.

Traditionally, decoction of Acorus calamus rhizome

has been used in treating headache, migraine, body ache,

and severe inflammatory pain particularly in south India.

Acorus calamus in several recent studies has been shown to

exert a battery of beneficial effects in various ailments viz.

epilepsy, memory deficits, dyspepsia, ulcers, rheumatic

pain, neuralgia etc. [14, 15, 47]. Ethanolic extract of

AC has been reported to exert anticellular and immuno-

suppressive properties and inhibited production of nitric

oxide, interleukin-2, and tumor necrosis factor-alpha [48].

It has also been reported that antispasmodic effect of AC

is mediated through calcium channel blockade [49].

Furthermore, the ethanolic extract of AC has also

been demonstrated to possess potential antioxidant, anti-

inflammatory, and neuroprotective actions [21, 50–53]. On

the basis of data in hand and with support from the liter-

ature, therefore, it may be proposed that hydroalcoholic

extract of AC rhizome produced an ameliorative effect in

TST-induced painful peripheral neuropathy by virtue of its

multiple effects viz. antioxidant, anti-inflammatory, and

neuroprotective actions manifested in terms of alleviation

of TST-induced behavioral alterations (heat hyperalgesia,

heat allodynia, cold allodynia, mechanical hyperalgesia,

and mechanical allodynia), biochemical changes (increased

nerve tissue superoxide anions, total calcium, and tissue

MPO activity), and histopathological changes. To the best

of our knowledge, this is the first report indicating the

ameliorative role of AC in TST-induced painful neuropa-

thy in rats.

Fig. 5 Effect of Acorus calamus on TST-induced histopathological

changes. Figure is the cross-sectioned sciatic nerve of normal, sham,

vehicle, TST, AC (100 and 200 mg/kg), and pregabalin pretreated

group (a–g), respectively. In a, arrow shows normal fiber arrange-

ment. In c and d, thick arrows show swelling of non-myelinated nerve

fiber. In c, thin arrows indicate fiber derangement and morphological

alteration in Schwann cells. In d, thin arrow shows swelling of

vascular bed. In e–g, arrows show attenuation of TST-induced

swelling of nerve fibers by AC (100 and 200 mg/kg) and pregabalin

pretreatment, respectively. Microscopic examinations under 9450

light microcopy, scale bar 35 lm
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Pregabalin is a selective Cav 2.2 (a2–d subunit) channel

antagonist and anticonvulsant that is successfully being

used to treat many neuropathic pain syndromes [54]. Var-

ious studies have demonstrated antihyperalgesic and anti-

allodynic effects of pregabalin in different animal models

of neuropathic pain [54–56]. Therefore, pregabalin was

selected as a standard control in this investigation.

Conclusion

Acorus calamus possesses a beneficial effect in TST-

induced peripheral neuropathic pain. Its anti-inflammatory,

antioxidant, and neuroprotective properties may be

important in mediating this effect. Nevertheless further

studies are needed to explore the full potential and exact

mechanism of Acorus calamus in neuropathic pain.
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